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Invest O: OOO-OOO. 17. Southern EM: 1975 Invest 8:115-118 (1996) Pathologic responses of lambs to experimental inoculation with Acholeplasma laidlawii A. de la Concha-Bermejillo, S. Magnus-Corral, S. J. Brodie, R. F. Rosenbusch, J. C. DeMartini Contamination of cell culture by mycoplasmas is a common problem in research laboratories. In many instances, this contamination may remain undetected, thus resulting in the misinterpretation of experimental results. Several species of mycoplasmas including Mycoplasma pneumoniae, M. hyorhinis, M. arginini, M. salivarium, M. orale, M. gallisepticum, and Acholeplasma laidawii induce the production of interleukin (IL)-1ß IL-6, and tumor necrosis factor (TNF) by human peripheral blood mononuclear cells in vitro. 15 Inoculation of neonatal lambs with ovine lentivirus (OvLV) has been used to study the pathogenesis of lymphoid interstitial pneumonia (LIP). In this model, lambs inoculated intratracheally with OvLV develop LIP 5-6 months after OvLV challenge. 17 Others have shown that some mycoplasmas can affect lentivirus replication and cytopathic effect in vitro. 18 Late in the course of an experiment to characterize the pathogenesis of ovine progressive pneumonia in neonatal lambs, we found that the virus inocula used for this study were contaminated with a strain of A. laidlawii. 7, 8 Ovine progressive pneumonia is a chronic debilitating disease of sheep caused by OvLV and characterized by lesions of LIP, regional lymphadenomegaly, and sometimes nonsuppurative encephalitis, mastitis, and erosive polyarthritis. 4 Mycoplasma infections of sheep are common and lesions such as interstitial pneumonia, regional lymphadenopathy, arthritis, and mastitis have been described 14 and are similar to those reported for OvLV-infected sheep. For this reason and because mycoplasmas are common cell culture contam-inants found in vaccines and other inocula, we examined the pathologic responses of neonatal lambs to experimental inoculation with a strain of A. laidlawii that was isolated as a cell culture contaminant.
Five neonatal Suffolk lambs were used in this experiment. Two lambs (90/15, 90/16) were inoculated intratracheally at birth with 1 x 10 9 colony-forming units (CFU) of the strain of A. laidlawii isolated from 1 of the OvLV inocula. Two other lambs (90/17, 90/19) were inoculated in the same way with 1 x 10 10 CFU. A fifth lamb was inoculated with a placebo and used as a control. Newborn lambs were maintained in individual pens in rooms with temperature and air flow controls. Separate rooms were used for lambs inoculated with Acholeplasma and the placebo. Sets of bottles, nipples, and cleaning instruments were also kept separated for each group. Animal caretakers were required to change clothes and rubber boots between rooms.
Clinical examinations were conducted and rectal temperatures were determined once daily after challenge. Febrile sheep were defined as those with rectal temperatures > 104.0 F (40 C). Serum samples collected at weeks 0, 4, 12, and 20 were examined for blood urea nitrogen (BUN) and creatinine concentrations (Colorado State Veterinary Teaching Hospital).
Nasal swabs were obtained from all lambs previous to A. laidlawii inoculation. Synovial fluid from lambs 90/15 and 90/16 were collected 3 weeks postinoculation. Kidney and lungs from all lambs and caudal mediastinal lymph node from lamb 90/19 were collected at necropsy. All samples were tested for the presence of mycoplasmas using modified Friis broth and agar, Hayflicks broth with fetal calf serum (pH 7.5), Hayflicks broth with fetal calf serum (6.5), and SP-4 medium with fetal calf serum. 16 In addition, tissue homogenates were prepared in hypotonic solution to retrieve intracellular mycoplasmas. Impression smears from freshly cut surfaces from each sample were stained with 4',6-diamidino-2-phenylindole (DAPI), a a double-stranded (ds) DNAintercalating fluorochrome dye, to detect cytoplasmic ds-DNA. Samples positive for cytoplasmic dsDNA were subsequently stained by indirect immunofluorescence using a rabbit anti-Acholeplasma laidlawii antiserum and fluorescein-labeled anti-rabbit immunoglobulin.
Complete necropsies were performed at 20 weeks postinoculation in all lambs, and macroscopic changes were recorded. Tissue for histology, including lung, heart, thymus, lymph nodes, nasal turbinates, cerebrum, liver, spleen, adrenal, testicle, epididymis, and gastrointestinal tract, were fixed in 10% buffered neutral formalin, sectioned at 5 µm, and stained with hematoxylin and eosin (HE). The left lung was excised and insufflated with 10% buffered formalin at 30 cm of water pressure for 48 hours before sectioning.
Selected lung and kidney specimens were fixed in 2.5% glutaraldehyde in 0.2 M phosphate buffer (pH 7.2), postfixed in 1% osmium tetroxide, dehydrated in graded acetone, and embedded in epoxy resin. Semithin sections were prepared and stained with methylene blue/azure II and evaluated by light microscopy. Ultrathin sections were stained with lead citrate and uranyl acetate and examined by transmission electron microscope.
All lambs were tested for the presence of OvLV antibodies by the agar gel immunodiffusion (AGID) test b and immunoblot 3 prior to Acholeplasma inoculation and shortly before death. Similarly, peripheral blood mononuclear cells separated on Ficoll/Hypaque a (1.077 specific gravity) were used for OvLV isolation and amplification of OvLV DNA by the polymerase chain reaction using standard procedures. 3, 7 All lambs were seronegative to OvLV by the AGID test and immunoblotting assays prior to Acholeplasma inoculation and at the culmination of the experiment. Furthermore, infectious OvLV and viral nucleic acid were not detected at these times. Mycoplasmas were not isolated from nasal swabs from any of the experimental lambs before Acholeplasma inoculation.
Mild dyspnea was observed between 2 and 5 weeks postinoculation in all Acholeplasma-inoculated lambs but not in the control. Two of the Acholeplasma-inoculated lambs (90/ 15,90/16) developed joint swelling and increased rectal temperature between 2 and 4 weeks postinoculation. Animals with swollen joints were reluctant to stand or walk and seemed lame when forced to walk. Joint swelling developed in the right carpus and left metatarsus of lamb 90/15 and in the left carpus of lamb 90/16. Microscopic analysis of the synovial fluid of these 2 lambs at this time revealed large numbers of neutrophils. Synovial fluid from lamb 90/15 and lung and kidney samples from all lambs were negative for mycoplasma culture. The caudal mediastinal lymph node that provides lymphatic drainage for the lung was also negative for mycoplasma isolation (lamb 90119). Cultures prepared in hypotonic solution to retrieve intracellular mycoplasmas were negative. The DAPI-stained smears were clearly negative, with the exception of the kidney sample from lamb 90/18 (control), which appeared to have extracellular ds-DNA. However, A. laidlawii-specific fluorescence was not detected by indirect immunofluorescence from this specimen.
Differences in BUN and creatinine values between experimental and control lambs were not significant. Average BUN values in the Acholeplasma-inoculated lambs (90/15, 90/16, 90/17, 90/19) were 31.25, 11.25, 15.5, and 19 mg/dl at weeks 0, 4, 12, and 20, respectively. The values for the control lamb were 27, 17, 15, and 15 mg/dl during the same weeks. Average creatinine values were 0.8, 0.8, 0.85, and 1 mg/dl in the Acholeplasma-inoculated lambs at weeks 0, 4, 12, and 20, respectively, and 0.9, 1.1, 1, and 0.9 in the control.
On postmortem examination, a small (2 cm 3 ) area of gray consolidation was present in the left intermediate lung lobe of lamb 90/19. Histologic analysis of this area showed lymphoid follicular hyperplasia with moderate infiltration of lymphocytes and macrophage in alveolar walls and around blood vessels and airways (Fig. 1) . Other histologic sections throughout the lung of this lamb and from lungs from all other lambs were free of inflammation.
Macroscopic lesions consisting of multifocal, white 1-2mm areas of fibrosis were seen in the kidneys of lambs 90/ 16, 90/17, and 90/19. Histologically, multifocal areas of interstitial infiltration of lymphocytes, plasma cells, fibrosis, and tubular degeneration were present in the kidneys of all Acholeplasma -inoculated lambs. These changes radiated from the medulla to the cortex, and occasional small thrombi were found in the arcuate arteries. Fibrosis of Bowman's capsule and the crescent formation was found in glomeruli adjacent to the areas of interstitial inflammation. Electron microscopy studies revealed no changes in the glomerular basement membrane suggestive of immune-mediated glomerulonephritis. The degree of renal cellular infiltration and fibrosis was more severe in the lambs inoculated with a higher dose of Acholeplasma inoculum (lambs 90/17, 90/19) than in the lambs inoculated with the lower dose (lambs 90/15, 90/16). Very discrete, infrequent areas of interstitial infiltration of lymphocytes were also observed in the control lamb (90/18). Macroscopic and microscopic examination of the joints of lambs affected by joint swelling and histologic analysis of other tissues from all lambs showed no significant pathologic changes.
Inoculation of newborn lambs with the strain of A. laidlawii originally isolated from our lentivirus inoculum by itself may not play a significant role in the development of LIP. Most Acholeplasma strains are considered nonpathogenic for animals; however, A. laidlawii has been found, together with other mycoplasmas, in cases of bovine mastitis. 2, 20 Acholeplasma strains isolated from tissues of calves seem to be more virulent. 11 In contrast to cattle, goats may be more susceptible to A. laidlawii; strain PG-8, which is nonpathogenic for cow mammary gland, is able to produce acute mastitis and agalactia in goats. 23 Intramammary inoculation of A. laidlawii into sheep has also resulted in mastitis, 13 In our experiment, we used intratracheal inoculation of neonatal lambs because we wanted to mimic the conditions used in the OvLV experiments and because mycoplasmas have been implicated as a cause of interstitial pneumonia in sheep. 9,14 Route of inoculation and/or organ susceptibility may determine differences in pathogenicity of a particular mycoplasma.
We were unable to determine the source of mycoplasma contamination of our OvLV inocula. Acholeplasma was not isolated from the lungs of the sheep that were used to obtain the OvLV strains and that had been kept frozen for several years. However, some of the stocks of uninfected goat synovial membrane (GSM) cells used to isolate and grow lentiviruses in our laboratory were found to be contaminated with A. laidlawii. Because GSM cells are grown in Dulbecco's modified Eagle's medium with 2-10% fetal bovine serum, it is possible that this strain of A. laidlawii was of caprine or bovine origin; however, it could also have come from human contamination.
More recently, mycoplasmas have been implicated as a possible cofactor in the pathogenesis of the acquired immunodeficiency syndrome (AIDS) in humans. 12, 21 For this reason there has been a growing interest in studying the interaction between mycoplasmas and lentiviruses. Purified A. laidlawii membrane proteins increase the production of the human immunodeficiency virus in vitro, 6 and thus it may also potentiate OvLV infection. However, additional experiments are needed to determine if A. laidlawii can contribute additively or synergistically in the development of LIP during OvLV infections. Previous reports indicate that coinfection of gnotobiotic pigs with porcine reproductive and respiratory syndrome (PRRS) virus and M. hyorhinis results in more severe proliferative interstitial pneumonia than inoculation with PRRS virus alone. 22 One of the Acholeplasma-inoculated lambs had a focal LIP lesion morphologically similar to the lesion described in OvLV-infected sheep, although this lamb was OvLV negative by all criteria. Because A. laidlawii was not reisolated from the lung with this lesion, we could not establish a cause-effect relationship in this case of LIP. Subsequent attempts to isolate A. laidlawii from the lungs of experimental lambs inoculated with the OvLV strains contaminated with this mycoplasma, including those that developed LIP, have been unsuccessful (A. de la Concha-Bermejillo, personal observation).
Acholeplasma laidlawii was not isolated from the synovial fluid of 1 of the 2 lambs with arthritis nor from any other of the inoculated lambs, despite a titer of at least 2-3 log 10 higher in the Acholeplasma inoculum than in the OvLV inocula.
However, it is possible that A. laidlawii had contributed to the development of arthritis and respiratory distress observed in the Acholeplasma-inoculated lambs. Isolation of mycoplasmas from experimentally inoculated sheep is usually unsuccessful several weeks following inoculation. More detailed studies are needed to determine the chronology of pathologic changes after A. laidlawii challenge.
In a study of 203 patients with AIDS, 20 presented changes of AIDS-associated nephropathy, and M. fermentans was demonstrated in 15 of these 20 kidneys. 1 In the present study, multifocal areas of interstitial infiltration of lymphocytes, fibrosis, tubular degeneration, and fibrosis of the Bowman's capsule were present in the kidneys of all experimental lambs, including the placebo-inoculated lamb. The presence of focal areas of interstitial nephritis in this lamb suggests that other factors may have been responsible for this change in the experimental lambs. Focal nonsuppurative interstitial nephritis is a common incidental finding in young ruminants, and it is thought to be the result of bacteremia. 19 The BUN and creatine values were considered to be within normal range with the exception of the average BUN value for week 0 in the Acholeplasma-inoculated lambs, which was slightly higher than normal. Blood urea nitrogen is not a highly reliable indicator of kidney function in ruminants and can be influenced more directly by dietary factors. Creatinine levels remained normal throughout the experiment, indicating that inflammatory lesions in the kidney were not severe enough to alter their normal function. Between 66% and 75% of the nephrons must be nonfunctional before serum creatinine clearly increases above the normal range. 5 Although the role of mycoplasmas during lentivirus infections is still poorly understood, it is clear that mycoplasmas may affect the outcome of virus infections either as cofactors or as opportunistic agents. New techniques for the detection of mycoplas-mas in cell cultures, including amplification of specific mycoplasma DNA sequences by the polymerase chain reaction, have been recently developed. 10 The potential effects of mycoplasma-contaminated cell lines and inocula on research applications must be better recognized by biomedical researchers.
